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(54) Flexible display device

(57) Provided is a flexible display device including a
display body (130) having flexibility; an actuator (110) for
changing and driving the display body; and an initial
shape forming substrate (120) for maintaining an initial
state of the display body before the display body is
changed and driven. The flexible display device allows

a user to exactly control a change state of the flexible
display device by driving the actuator and to decrease
power consumption for changing and driving the flexible
display device. Thus, by using the flexible display device,
user convenience can be improved and the flexible dis-
play device can be driven with low power consumption.
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Description

[0001] The present invention relates to a flexible dis-
play device, and more particularly, to a flexible display
device that is improved to control a physical change of
the flexible display device.
[0002] In general, a flexible display device indicates a
device that has flexibility by having a display unit formed
on a flexible substrate such as polyimide. The flexible
display device is very convenient since a shape of the
flexible display device can be changed to reduce its size
for portability.
[0003] However, until now, there is no means of exactly
controlling a physical change of the flexible display de-
vice. In this regard, since a user has to roughly fold or
unfold the flexible display device, when the user reduces
the size of the flexible display device so as to carry it, it
is difficult for the user to exactly change the shape into
a reduced shape, and when the user unfolds the flexible
display device so as to watch a screen, it is difficult for
the user to exactly change the shape into a flat shape.
[0004] Thus, in order to solve these inconveniences,
there is a demand for a flexible display device having a
new structure by which a change state of the flexible dis-
play device can be exactly controlled.
[0005] The present invention provides a flexible dis-
play device that is improved to exactly control a change
state of the flexible display device and to decrease power
consumption for changing and driving the flexible display
device.
[0006] According to an aspect of the present invention,
there is provided a flexible display device including a dis-
play body having flexibility; an actuator for changing and
driving the display body; and an initial shape forming sub-
strate for maintaining an initial state of the display body
before the display body is changed and driven.
[0007] The actuator may include a first electrode and
a second electrode which face each other, and an electro-
active polymer layer that is interposed between the first
electrode and the second electrode.
[0008] When a voltage is applied to the first electrode
and the second electrode, the electro-active polymer lay-
er may extend whereby the flexible display device may
be changed.
[0009] The electro-active polymer layer may include
polyvinylidene fluoride (PVDF), polydimethyl siloxane
(PDMS), or polyvinylidene fluoride-co-trifluoroethylene
(PVFT).
[0010] The first electrode and the second electrode
may include an indium tin oxide (ITO) material.
[0011] The actuator may be formed of one basic unit
in which the electro-active polymer layer is interposed
between the first electrode and the second electrode.
[0012] The actuator may have a structure in which a
plurality of basic units are stacked, wherein the electro-
active polymer layer is interposed between the first elec-
trode and the second electrode in each of the plurality of
basic units.

[0013] The initial shape forming substrate may main-
tain the initial state of the display body as a folding state,
and when the actuator is driven, the display body may
be turned into a flat state.
[0014] The initial shape forming substrate may be
formed of an alloy material including at least one of mag-
nesium, aluminum, and lead.
[0015] The display body may be attached to one sur-
face of the initial shape forming substrate, and the actu-
ator may be attached to another surface of the initial
shape forming substrate.
[0016] The display body may be attached to one sur-
face of the actuator, and the initial shape forming sub-
strate may be attached to another surface of the actuator.
[0017] The above and other features and advantages
of the present invention will become more apparent by
describing in detail exemplary embodiments thereof with
reference to the attached drawings in which:

FIG. 1 illustrates a flexible display device according
to an embodiment of the present invention;
FIG. 2 illustrates an initial state of the flexible display
device of FIG. 1 before the flexible display device is
driven;
FIG. 3 illustrates a procedure of driving the flexible
display device of FIG. 1;
FIG. 4A illustrates a structure of an actuator of the
flexible display device of FIG. 1;
FIGS. 4B and 4C illustrate states of the actuator
shown in FIG. 4A before and after the actuator is
driven; and
FIGS. 5 and 6 illustrate flexible display devices hav-
ing amended structures of the flexible display device
of FIG. 1, according to embodiments of the present
invention.

[0018] Hereinafter, the present invention will be de-
scribed in detail by explaining exemplary embodiments
of the invention with reference to the attached drawings.
[0019] FIG. 1 illustrates a flexible display device 100
according to an embodiment of the present invention.
[0020] As illustrated in FIG. 1, the flexible display de-
vice 100 includes a display body 130 having flexibility,
an initial shape forming substrate 120 that is attached on
one surface of the display body 130, and an actuator 110
that is attached on another surface of the initial shape
forming substrate 120. In FIG. 1, a reference numeral
101 indicates an adhesive layer.
[0021] The display body 130 indicates a structure
which includes a thin-film transistor (TFT) and a light-
emitting device to realize an image, and an encapsulation
layer to cover and protect the TFT and the light-emitting
device that are stacked on a flexible substrate. Herein-
after, the structure is simply referred to as the display
body 130. Since the display body 130 uses the flexible
substrate, instead of a solid glass substrate, the display
body 130 may be freely bent to the extent of the maximal
flexibility of the display body 130.
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[0022] The initial shape forming substrate 120 is
formed by casting an alloy of magnesium, aluminum,
lead, or the like having a low elasticity modulus in a die,
and functions to maintain an initial state of the flexible
display device 100 as a folded state as shown in FIG. 2.
That is, the initial shape forming substrate 120 is formed
to the folded state of a U-shape via the casting, and main-
tains the folding state unless an external force is applied
in an opposite direction. Thus, the display body 130 that
is combined with the initial shape forming substrate 120
maintains a folded state when it is not used. In other
words, the default shape of the display is a folded state.
[0023] The actuator 110 is attached to the initial shape
forming substrate 120 through the adhesive layer 101
arranged between them, and has a structure in which an
electro-active polymer layer 113 is interposed between
first and second electrodes 111 and 112 that face each
other as shown in FIG. 4A. The actuator 110 is driven by
a principle in which a bending force is exerted since the
electro-active polymer layer 113 extends according to a
voltage that is applied to the first and second electrodes
111 and 112.
[0024] FIGS. 4B and 4C are diagrams related to the
principles of driving the actuator 110. First, as illustrated
in FIG. 4B, when a current does not flow, the electro-
active polymer layer 113 maintains its initial thickness
and length L1. At this state, when the voltage is applied
to the first and second electrodes 111 and 112, as illus-
trated in FIG. 4C, the length L2 of the electro-active pol-
ymer layer 113 extends. In other words, the length L2
shown in FIG. 4C is greater than the length L1 shown in
FIG. 4B. Here, since the surface of the actuator 110 is
attached to and thus is restrained by the initial shape
forming substrate 120, the other surface of the actuator
110 further extends, so that a bending force is exerted.
On the other hand, when the voltage that is applied to
the first and second electrodes 111 and 112 is removed,
the electro-active polymer layer 113 returns to the state
of FIG. 4B before the bending force is exerted. Here,
since the initial state by the initial shape forming substrate
120 is the U-shape folding state, a state before the ap-
plication of the voltage as shown in FIG. 4B is the folded
state, and a state after the application of the voltage as
shown in FIG. 4C is a flat state (or unfolded state).
[0025] FIG. 3 illustrates a driving state in which the
bending force of the actuator 110 is exerted. In this re-
gard, while the flexible display device 100 maintains its
U-shape folded state by the initial shape forming sub-
strate 120, when the actuator 110 is driven, the bending
force is exerted so that the flexible display device 100 is
unfolded into the flat state.
[0026] Due to the bending force, when the actuator 110
is driven, the display body 130 that is combined with the
actuator 110 is also unfolded. On the other hand, when
the voltage applied to the actuator 110 is removed, the
flexible display device 100 returns to the U-shape folding
state that is initially set by the initial shape forming sub-
strate 120.

[0027] The electro-active polymer layer 113 may be
formed of a material including polyvinylidene fluoride
(PVDF), polydimethyl siloxane (PDMS), or polyvinyli-
dene fluoride-co-trifluoroethylene (PVFT), and the first
and second electrodes 111 and 112 may be formed of
an indium tin oxide (ITO) material having flexibility. Ob-
viously, it is possible to use any material capable of pro-
ducing the bending force in a manner that a length of the
material interposed between the first and second elec-
trodes 111 and 112 is extended due to the voltage applied
to the first and second electrodes 111 and 112.
[0028] The flexible display device 100 may be used as
follows:
[0029] First, when the flexible display device 100 is not
used, the flexible display device 100 maintains its folded
state by the initial shape forming substrate 120 as shown
in FIG. 2. Here, since a voltage is not applied to the ac-
tuator 110, no power is used, and thus the flexible display
device 100 is carried or is placed. Since a length of the
flexible display device 100 in the folding state is de-
creased by half, it is very convenient to carry and place
the flexible display device 100. As described above, since
the voltage is not applied to the actuator 110 (referring
to FIG. 4B), useless power consumption does not occur
while the flexible display device 100 is carried or is
placed.
[0030] In order to use the flexible display device 100,
the voltage is applied to the first and second electrodes
111 and 112 of the actuator 110. Then, the electro-active
polymer layer 113 extends (referring to FIG. 4C), so that
the flexible display device 100 is unfolded (referring to
FIG. 3) and then is finally turned into a flat state (referring
to FIG. 1.). Thus, when the display body 130 at the flat
state is driven, a user may watch images on a flat screen
of the display body 130.
[0031] Afterward, when a use of the flexible display
device 100 is ended, the voltage that is applied to the
actuator 110 is removed, so that the flexible display de-
vice 100 returns to the folding state that is set by the initial
shape forming substrate 120.
[0032] As described above, since the folding state and
the flat state are controlled by driving the actuator 110,
it is very exact and convenient to fold and carry the flexible
display device 100 and then to flatly unfold the flexible
display device 100 for use. Thus, by using the flexible
display device 100, both portability and user convenience
may be improved.
[0033] Also, since power is not consumed in the actu-
ator 110 in a folding state of non-use state, but is only
consumed in a use-state, useless power consumption
does not occur.
[0034] In the embodiment of FIG. 1, the actuator 110
has a structure in which the electro-active polymer layer
113 is interposed between the first and second elec-
trodes 111 and 112. However, as in another embodiment
of FIG. 5, an actuator 210 may have a multi-layer struc-
ture in which electro-active polymer layers 212, 214, and
216 are interposed between electrodes 211, 213, 215,
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and 217, respectively, i.e., a plurality of units are stacked
while forming multiple layers. When the actuator 210 has
the multi-layer structure, a bending force may be in-
creased.
[0035] Also, in the embodiment of FIG. 1, the flexible
display device 100 has the structure in which the display
body 130 is attached to the surface of the initial shape
forming substrate 120, and the actuator 110 is attached
to the other surface of the initial shape forming substrate
120. However, as in another embodiment of FIG. 6, a
flexible display device 300 may have a structure in which
a display body 330 is attached to a surface of an actuator
320, and an initial shape forming substrate 310 is at-
tached to a surface of the actuator 320. In this case, since
the surfaces of the actuator 320 are attached to and thus
are restrained by the display body 330 and the initial
shape forming substrate 310, respectively, a bending
force may be decreased. However, if adherence varies
on the surfaces, an appropriate bending force may be
achieved.
[0036] As described above, according to the one or
more embodiments of the present invention, when a user
carries a flexible display device according to an embod-
iment of the present invention, the flexible display device
maintains a folded state without power consumption, and
then when the user uses the flexible display device, the
flexible display device drives an actuator so that the user
may unfold the flexible display device and may watch a
flat screen. Accordingly, the flexible display device may
be used with minimum power consumption, improved
portability, and improved user convenience.
[0037] In other words, the display shape can be
changed between a first shape and a second shape by
driving an actuator which is attached to the display. The
first shape may be a folded shape which is adopted when
the actuator is not driven. The second shape may be a
flat shape which is adopted when the actuator is driven.
[0038] Also, the flexible display device allows a user
to exactly control a change state of the flexible display
device by driving the actuator and to decrease power
consumption for changing and driving the flexible display
device. Thus, by using the flexible display device, user
convenience can be improved and the flexible display
device can be driven with low power consumption.
[0039] While the present invention has been particu-
larly shown and described with reference to exemplary
embodiments thereof, it will be understood by those of
ordinary skill in the art that various changes in form and
details may be made therein without departing from the
scope of the present invention as defined by the following
claims.

Claims

1. A flexible display device comprising:

a flexible display body;

an actuator for changing the shape of the display
body; and
a substrate for maintaining an initial shape of
the display body.

2. The flexible display device of claim 1, wherein the
actuator comprises an electrically activated member
that is arranged to change between first and second
shapes in response to an applied voltage.

3. The flexible display device of claim 2, wherein the
actuator comprises a first electrode and a second
electrode which face each other, and an electro-ac-
tive polymer layer that is interposed between the first
electrode and the second electrode.

4. The flexible display device of claim 3, wherein, when
a voltage is applied to the first and second elec-
trodes, the electro-active polymer layer extends to
change the shape of the flexible display device.

5. The flexible display device of claim 3 or 4, wherein
the electro-active polymer layer comprises a mate-
rial selected from the group consisting of polyvinyli-
dene fluoride (PVDF), polydimethyl siloxane
(PDMS), polyvinylidene fluoride-co-trifluoroethylene
(PVFT), and combinations thereof.

6. The flexible display device of claim 3, 4 or 5, wherein
the first electrode and the second electrode comprise
an indium tin oxide (ITO) material.

7. The flexible display device of any one of claims 3 to
6, wherein the actuator is formed of one basic unit
in which the electro-active polymer layer is inter-
posed between the first electrode and the second
electrode.

8. The flexible display device of any one of claims 3 to
6, wherein the actuator has a structure in which a
plurality of basic units are stacked, wherein the elec-
tro-active polymer layer is interposed between the
first electrode and the second electrode in each of
the plurality of basic units.

9. The flexible display device of any one of the preced-
ing claims, wherein the initial shape of the display
body comprises a folded shape.

10. The flexible display device of any one of the preced-
ing claims, wherein the display body has the initial
shape when the actuator is not driven.

11. The flexible display device of any one of the preced-
ing claims, wherein when the actuator is driven, the
display body is changed to a flat shape.

12. The flexible display device of any one of the preced-
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ing claims, wherein the substrate is formed of an
alloy material comprising at least one selected from
the group consisting of magnesium, aluminum, lead,
and combinations thereof.

13. The flexible display device of any one of the preced-
ing claims, wherein the display body is attached to
one surface of the substrate, and the actuator is at-
tached to the opposite surface of the substrate.

14. The flexible display device of any one of any one of
claims 1 to 12, wherein the display body is attached
to one surface of the actuator, and the substrate is
attached to an opposite surface of the actuator.

15. The flexible display device of any one of the preced-
ing claims, wherein each of the display body, the
actuator and the substrate has a planar structure and
the display body, the actuator and the substrate are
arranged in the form of a stack.
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